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Removal of Sodium Oxalate from a Bayer Liquor 

This invention relates to a method and apparatus for 
removing sodium oxalate from a Bayer liquor. 

5 

The Bayer process is a widely used process for 
obtaining pure alumina from bauxite ore. It involves 
treating the ore with hot sodium hydroxide solution at 
say 255°C, so alumina dissolves to form sodium aluminate, 

10 leaving other minerals from the ore in the form of red 
mud. The saturated sodium aluminate solution is cooled, 
and seeded with aluminium trihydroxide crystals. The 
aluminium in solution precipitates as the trihydroxide, 
and can then be calcined at say 1050°C to form pure 

15 alumina. The remaining solution, which may be referred to 
as Bayer liquor, can be recycled to treat fresh ore, 
after addition of any necessary sodium hydroxide to 
ensure it is concentrated enough. 

20 There is however a risk that organic contaminants, 

and in particular sodium oxalate, will build up in the 
recycled liquor, and will reach a concentration at which 
sodium oxalate will co-precipitate with the aluminium 
trihydroxide. This is detrimental to the quality of the 

25 alumina, it causes the trihydroxide to form very small 
crystals, so leading to a wide variation in particle 
size, and it also leads to embrittlement of the 
precipitated particles. The oxalate ions may originate 
from the ore, or may be formed by caustic degradation of 

30 other organic compounds from the ore. It is therefore 

necessary to remove sodium oxalate from the Bayer liquor 
before it reaches this concentration. 



35 



For example at least a part of the Bayer liquor may 
be cooled, so sodium oxalate precipitates out. US 3 899 
571 (=EP 0 013 407) describes a way of triggering 
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precipitation in such a supersaturated solution, by 
adding recycled crystals of sodium oxalate to act as 
initiator; the resulting crystals can be separated by 
filtration, and some can be set aside as the next 
5 initiator. However, in practice it is found that the 

surfaces of the crystals become poisoned by other organic 
materials present in the liquor, and become inactive as 
crystal growth initiators. 

According to the present invention there is provided 
a method for removing sodium oxalate from a Bayer liquor, 
the method comprising removing a stream of the liquor, 
treating it to be supersaturated with sodium oxalate, and 
then subjecting it to ultrasonic irradiation, and 
removing resultant crystals. 

Preferably the stream of the liquor is subjected to 
ultrasonic irradiation for a time no more than 30 
seconds, more preferably no more than 10 seconds, for 
20 example 2 seconds or 3 seconds. This may be achieved by 
causing the stream to flow through a duct, and 
continuously subjecting the contents of the duct to 
ultrasonic irradiation. Preferably the ultrasound is 
applied using a multiplicity of ultrasonic transducers 
25 attached to a wall of the duct in an array of separate 
transducers extending both circumf erentially and 
longitudinally, each transducer being connected to a 
signal generator so that the transducer radiates no more 
than 3 W/cm 2 , the transducers being sufficiently close 
30 together and the number of transducers being sufficiently 
high that the power dissipation within the vessel is ■ 
between 25 and 150 W/litre. Preferably the duct is of 
width at least 0.10 m, that is to say if the duct is 
cylindrical it is of diameter at least 0.10 m. The values 
35 of power given here are those of the electrical power 

delivered to the transducers, as this is relatively easy 



10 



15 



t 

WO 2005/085136 



3 - 



PCT/GB2005/000812 



to determine. Such an irradiation vessel is described in 
WO 00/35579. With such a vessel there is little or no 
cavitation at the surface of the wall, so that there is 
no erosion of the wall and consequently no formation of 
5 small particles of metal. Surprisingly, despite the 
presence of the organic materials in the liquor which 
tend to poison the surfaces of the crystals as they grow, 
satisfactory crystallisation of the sodium oxalate is 
achieved . 

10 

Preferably the ultrasound is supplied by a 
multiplicity of transducers coupled to the wall of a pipe 
carrying the supersaturated solution, the liquor flowing 
at such a rate that the solution is insonated for less 
15 than 2 s. 



The initial treatment to supersaturate the oxalate 
in solution may for example involve evaporation and 
cooling, or just cooling, before the liquor is subjected 
20 to ultrasound. This ensures that any materials that are 
readily crystallised have already formed crystals. 

After the ultrasonic treatment, the resulting 
crystalline material is typically a mixture of sodium 
25 oxalate with other organic or inorganic sodium salts. 



The treatment to make the solution supersaturated 
may for example involve cooling to about 70°C, although 
the requisite temperature depends upon the initial 

30 concentration of the solution being cooled. In another 

example the solution is cooled to about 40°C before being 
subjected to insonation. Even better removal of these 
products can be achieved by further cooling the solution 
after the insonation. In one embodiment the stream of 

35 liquor subjected to ultrasound is only part of the liquor 
subjected to crystallisation, so that the liquor 
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subjected to ultrasound can then be mixed with a 
supersaturated solution, so that crystal growth occurs. 
The resulting crystals are then easier to separate from 
remaining liquid, 

5 

Good removal of the sodium oxalate is achieved by 
first subjecting a stream of liquor to ultrasonic 
irradiation, optionally mixing the irradiated liquor with 
non-irradiated liquor, allowing time for crystal growth 

10 to occur in the ultrasonically irradiated- liquor (or the 
mixed liquor) so as to produce crystal-containing liquor, 
and then subjecting at least part of the resulting 
crystal-containing liquor to further ultrasonic 
irradiation. This may for example be achieved by using a 

15 second ultrasonic irradiation vessel, and/or by feeding 

crystal-containing liquor back into the liquor stream fed 
to the first ultrasonic irradiation vessel. This second 
ultrasonic treatment may have the effect of breaking up 
small crystals, or cleaning their surfaces, so that they 

20 grow to a larger size. 



The invention also provides an apparatus for 
performing this method . 

25 The invention will now be further and more 

particularly described by way of example only and with 
reference to the accompanying drawings, in which: 



Figure 1 shows a flow diagram of plant for removing 
0 sodium oxalate from spent Bayer liquor; and 

Figure 2 shows a flow diagram of a modification to 
the plant of figure 1 . 



35 Referring to figure 1, spent Bayer liquor 10 is 

evaporated and cooled/ through successive treatment steps 
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12, 14 (for example ending up at 70°C>, so that the 
resulting liquor 16 is significantly more concentrated. 
The sodium oxalate is supersaturated, but tends not to 
come out of solution readily, probably because of the 
5 other organic material in solution. The liquor 16 is 
then supplied via a duct 18 to one or more successive 
hold-up tanks {two such tanks and 20 and 22 are shown in 
this .example) each containing a stirring mechanism 25, in 
which, as discussed below, crystals form. Each tank 20 

10 and 22 may be at the same temperature as the inflowing 
liquor 16, or alternatively successive tanks may be at 
lower temperatures. Finally the mixture of caustic 
solution and crystals is supplied to a filtration unit 26 
such as a belt filter, and the filtrate 27 (which 

15 primarily consists of caustic soda and sodium aluminate 
solution) can be returned to the process stream used for 
dissolving bauxite. The filter cake 28 is primarily 
sodium oxalate, mixed with other organic and inorganic 
sodium salts, and can then be removed for disposal or 

20 further treatment. 



Before it reaches the first hold-up tank 20, part of 
the liquor 16 is diverted into an ultrasonic treatment 
loop 30. Within the loop 30 is an ultrasonic treatment 

25 module 32 followed by a hold-up tank 34, and the loop 30 
then feeds into the first hold-up tank 20. The loop 30 
is shown diagrammatically , and the flow paths may 
typically be of nominally six inch (150 mm) diameter 
pipe, and the ultrasonic treatment module 32 comprises a 

30 stainless-steel duct 36 of the same internal diameter. 

To the outside of the duct wall are attached ten 
transducer modules 38 in a regular array. Each 
transducer module 38 comprises a 50 W piezoelectric 
35 transducer 40 which resonates at 20 kHz, attached to a 

conically flared aluminium coupling block 42 by which it 
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is connected to the wall, the wider end of each block 42 
being of diameter 63 mm. The transducer modules 38 are 
arranged in two circumferential rings each of five 
modules 38, the centres of the coupling blocks being 
5 about 105 mm apart around the circumference, and about 
114 mm apart in the longitudinal direction. A signal 
generator 44 drives all the transducers 40. The 
transducer modules 38 are enclosed by a protective casing 
46. 

10 

With this irradiator 10 the power intensity is only 
about 1.6 W/cm 2 , and is such that cavitation does not 
occur at the surface of the wall, so erosion of the duct 
36 does not occur. Nevertheless the power density is 

15 sufficient to ensure nucleation in a saturated solution. 
The volume of liquid which is subjected to insonation is 
about 5 1, so the power density is about 100 W/litre. 
{The power density can be adjusted by adjusting the power 
supplied to the transducers 40, but is usually between 40 

20 and 100 W/litre . ) 



If no liquor 16 is passed around the ultrasonic 
treatment loop 30, the concentration of sodium oxalate 
has been found to be reduced by this treatment to 2.1-2.4 

25 g/litre. In contrast, with insonation at 70°C, the 

concentration was reduced to 1.77-1.87 g/litre; and where 
the temperature is reduced to 55°C after insonation, the 
concentration was reduced to only 1.42 g/litre in the 
treatment loop 30. The exact results will depend upon 

30 the proportion of the liquor 16 which is passed through 
the ultrasonic* treatment loop 30. Nucleation occurs in 
the liquor flowing through the ultrasonic treatment 
module 32, and the nuclei grow in the hold-up tank 34, so 
that the liquor emerging from the treatment loop 30 into 

35 the hold-up tank 20 already contains small sodium oxalate 
crystals. The liquor 16 flowing into the first hold-up 
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tank 20 from the duct 18 is supersaturated, and so the 
crystals grow larger. Thus the first hold-up tank 20 
initiates the crystallisation process, while the second 
hold-up tank 22 provides for crystal growth. The liquor 
5 may be held for a prolonged time (for example one or two 
hours) in each tank 20 and 22 to allow crystals to grow 
from any crystal nuclei. It will be appreciated that 
larger crystals of sodium oxalate are easier to separate 
from the filtrate in the filtration unit 26. 



10 
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The flow rate through the ultrasonic treatment loop 
30, and so through the duct 36, should be such that the 
liquor is insonated for a period between 1 s and 10 s, 
for example about 3s. A larger quantity of liquor can 
be treated (per unit time), by using a longer irradiation 
duct of the same diameter, with more circumferential 
rings of five modules 38 each, the rings being spaced 
apart by 114 mm centre to centre in the longitudinal 
direction, as described in relation to the drawing. For 
example, using a duct with twenty such circumferential 
rings of five modules 33, and so with an insonation 
volume about ten times that of the duct shown in the 
drawing, the same insonation time can be achieved with a 
ten times increase in flow rate. 



Preferably the proportion of the liquor 16 which is 
passed around the ultrasonic treatment loop 30 is at 
least 1%/ more preferably at least 10%, and may indeed be 
50% or more. On a large-scale plant it is preferable to 

30 treat about 40%-60% of the supersaturated liquor 16. 

Although it would be possible to treat all the liquor 16 
by passage through the ultrasonic treatment loop 30, this 
is not essential* Combining a supersaturated liquor with 
a liquor containing crystals generated in the ultrasonic 

35 treatment loop 30, in hold-up tank 20, leads to the 
consequence that the entire stream of liquor 16 is 
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exposed to the newly-formed crystals, and so the 
crystallisation process is very effective, and ensures 
that larger crystals are formed. 



5 It will be appreciated that the plant shown in 

figure 1 may be modified in various ways. For example, 
in the ultrasonic treatment loop 30, the hold-up tank 34 
might be omitted, and might be replaced by a heat 
exchanger to reduce the temperature of the liquor. And 

10 the number of hold-up tanks 20-22 may be different from 
that shown. For example, there might be four such 
successive hold-up tanks, with insonated liquor being 
introduced into the third hold-up tank (for example from 
the hold-up tank 34), so further nucleation is caused; 

15 and the fourth hold-up tank being provided for further 

crystal growth resulting from the nucleation initiated in 
the third hold-up tank 22. 



Referring to figure 2, a flow diagram is shown of a 

20 modification to the plant shown in figure 1/ those 

features which are the same are referred to by the same 
reference numerals. The spent Bayer liquor 10 is 
evaporated and cooled, through successive treatment steps 
12, 14 (for example ending up at 70°C) , so that the 

25 resulting liquor 16 is significantly more concentrated. 
The liquor 16, in which sodium oxalate is supersaturated, 
is then passed through an ultrasonic treatment module 52 
(substantially the same as the module 32, but modified in 
order to treat larger quantities of liquid, as discussed 

30 above), and then through a heat exchanger 54 to lower its 
temperature (e.g. to about 55°C). The liquor 16 is then 
supplied to four successive hold-up tanks 20-23 each 
containing a stirring mechanism 25, in which the liquor 
is held for a prolonged time (for example 45 minutes in 

35 each) , to allow crystals to grow from any crystal nuclei 
formed as a result of the cooling and the passage through 
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the ultrasonic treatment module 52. The tanks are at 
successively lower temperatures. Finally the mixture of 
caustic solution and crystals is supplied to a filtration 
unit 26 such as a belt filter, and the filtrate 27 (which 
is primarily caustic soda and sodium aluminate in 
solution) can be returned to the process stream used for 
dissolving bauxite. The filter cake 28 is primarily 
sodium oxalate and sodium carbonate, and possibly other 
salts; it can then be removed for disposal or processing. 

Thus in use, crystal nuclei are formed as the liquor 
16 flows through the treatment module 52; and these 
nuclei grow as a consequence of the increased 
supersaturation caused by the further cooling in the heat 
exchanger 54 ♦ 

In the flow diagram of figure 2 the entire stream of 
liquor 16 is subjected to ultrasound in the treatment 
module . 52. In a further modification, part of the stream 
20 16 may bypass the treatment module 52 as shown by the 

brokenline 58. A further modification is to provide a 
pumped recirculation loop 24, this loop 24 including an 
ultrasonic irradiation module 32, on one or more of the 
hold-up tanks. As shown, one such insonation loop 24 is 
25 provided on the first hold-up tank 20, and other such 
loops 24 may be provided on at least some of the other 
hold-up tanks, for example on the third hold-up tank 22. 
It will be appreciated that each such recirculation loop 
24 that includes an ultrasonic irradiation module 32 will 
30 tend to produce new seed crystals (as long as the sodium 
oxalate remains supersaturated), which will grow in the 
associated hold-up tank, so further reducing the 
concentration of sodium oxalate in solution. The 
following hold-up tanks, 21 and 23 respectively, provide 
35 for crystal growth from the nuclei that have been 

initiated. And in a further alternative, additional 
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ultrasonic irradiation modules 52 can also be placed in- 
line rather than in a recirculation loop, i.e. between 
one hold-up tank and the next. 



5 As a further alternative (which may be used in 

conjunction with previously-described alternatives), part 
of the liquid flow emerging from the second hold-up tank 
21 might be fed back into the stream of liquor 16 
supplied to the ultrasonic treatment module 52. This 
10 will tend to clean the surfaces of the crystals of sodium 
oxalate, or break them up, so that more crystal growth 
will occur. 



It will be appreciated that the treatment plants 
15 described in relation to figures 1 and 2 may be modified 
in various ways. For example the ultrasound might be 
generated at a different frequency. For example the 
frequency may be between 15 kHz and 100 kHz, or possibly 
even higher frequencies up to about 2 MHz. Frequencies 
20 above about 100 kHz are less effective at causing 

cavitation, but may nevertheless cause nucleation. And 
it will be appreciated that the means by which the 
ultrasound is coupled into the liquid may differ from 
that described above. For example the coupling blocks 
25 may be of a different size and shape, and of a different 
material. The spacing of the modules and their 
arrangement around the surface of the duct 36 may also be 
different from that described. 



